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Abstract

The production and disposal of water from tight-sand gas reservoirs in the eastern Uinta Basin,
Utah, and elsewhere affects the economics of gas resource development and has recently
become a topic of much public debate because produced water is the largest-volume waste
stream associated with these unconventional gas plays. Managing produced water can be a
significant cost fraction of the value of the gas extracted, so there is an economic incentive
to minimize this waste stream, and/or generate revenue from treating and reusing produced
water in hydrocarbon production or other applications. Balancing the water-use needs and
produced-water disposal requirements associated with shale/tight-sand gas development
creates significant material handling challenges to both industry and regulators. These
challenges are complicated by an operating environment where many individual producers
of varying sizes exist within a field, each with varying water needs and production, and a
production timescale of decades for the basin as wells play out and new ones are completed.
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Over 328 BCFG and nearly 50 million bbls of water were produced from the Uinta Basin in 2013.
The major tight-gas sand reservoirs in the basin are the Tertiary (Eocene) Wasatch Formation
and several formations in the Cretaceous Mesaverde Group. Potential uses for the produced
water from these formations include water flooding for secondary recovery, drilling mud
formulation, hydraulic fracturing fluid for well completion, and future oil shale production. In
addition, some produced water has potential for geothermal energy production. Our study
consists of four major components: (1) compilation and analysis of past and new information
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on the thickness, structure, depth, Iithology, water quality, and temperature of all aquifer/ (source: Utah Division of Oil, Gas, & Mining) The number of water disposal (source: Utah Division of Oil, Gas, & Mining) Water disposal volumes increased by
. . . . . . wells jumped by over 25% from 59 in 2009 to 75 in 2010 and has remained more than 11% each year from 43.1 million barrels (bbls) in 2008 through 2011, and

reservoir umts. |n. the basin .from the surface (a.lluwal) dc.)wn througl*.\ the .'!urass.lc Glen Canyon in the mid-70s since then. There is typically one disposal well for every then leveled off in 2012 at about 63 million barrels. On average, each disposal

Grou P; (2) statistical anaIyS|s of water pI’OdUCtIOI‘I quantlty and quallty to |dent|fy and forecast 130 to 160 producing wells In the Uinta Basin. Counties with an asterisk well injects from 0.7 to 0.9 million bbls of produced water per year. Counties

volume trends for each discrete tight-sand gas-producing interval; (3) development of alluvial include coalbed-gas disposal wells. with an asterisk include coalbed-gas disposal wells.

aquifer sensitivity/vulnerability models to potential contamination from fluids associated with

tight-sand gas development; and (4) an evaluation of the existing infrastructure for produced . . . . . .

9 9 P (4) 9 P Enhanced-Oil Water Injection Volumes Location of Enhanced-Oil Projects

water management/reuse and recommendations for best management practices and the
energy generation potential of geothermal-produced waters.

ENHANCED-OIL PROJECT NAME COUNTY 2012
Antelope Creek Duchesne 1.25
Brundage Canyon Duchesne 0.74
Uteland Butte Duchesne 0.03
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Disclaimer o bl B T Discussion
Although this product represents the work of professional scientists, the Utah Department of e T Water management/handling practices in the Uinta Basin, Utah cover a range of possibilities. Small operators
Natural Resources, Utah Geological Survey, makes no warranty, expressed orimplied, regarding - - Bt are generally dependent on outside vendors to haul and dispose of produced water at commercial disposal wells
Its suitability or a particular use. The Utah Department of Natural Resources, Utah Geological ™ " S i or evaporation ponds. Large operators commonly design and construct complex water handling and disposal facilities
Survey, shall not be liable under any circumstances for any direct, indirect, special, incidental, s ;e . . . . S
or consequential damages with respect to claims by users of this product. | A e that allow for capture and reuse of flow-back formation fracturing fluids, centralized facilities for treatment of produced

water, and a series of injection wells or evaporation ponds for water disposal. Water treatments may include settling
tanks which skim oil off the top and settle sediments at the base, oil-water separators, hydrocyclones, floatation cells,
chemical flocculation of clays, and filtration systems (walnhut shell or sock) before final disposal.
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Thickness measured from the Mahogany bed to the top
of the formation. Note the general thickening from south
to north. The extent of large saline nodule facies and
the small saline crystal facies of the upper Green River
Formation’s Birds Nest aquifer are also outlined.
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Generalized Hydrogeology*

[ water body or area of shallow groundwater
Quaternary unconsolidated sediments

BBl Tertiary volcanic

Tgr  Tertiary Green River Formation

Tew Tertiary Colton-Wasatch Formation

Tud  Tertiary Uinta and Duchesne Formations

['T7 Tertiary undifferentiated

Wl Mesozoic undifferentiated

Precambrian undifferentiated

*Geologic units compiled from 1:100,000 geologic maps
Shallow groundwater areas compiled from SSURGO, NHD
water bodies, and National Wetland Inventory data
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Chemical-Quality Diagram
for Uintah County

Shows major chemical
constituents in water from
selected wells and springs.
Numbers on scale show sodium plus potassium
and chloride, in milliequivalents per liter.
Center number is site ID.
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Map shows 692 oil and gas wells with significant geothermal potential. Bottom-hole temperatures
(BHT) have been corrected using industry-standard Horner plots, or a depth-dependent correction to
account for thermal perturbations caused by drilling. Wells capable of sustaining at least one, 5040 sq-
ft greenhouse at 21°C (70°F) are indicated by a dotted symbol. Greenhouse potential is based on BHT
and co-produced water flow rates.

Bottom-hole temperatures and co-produced water data for 730 oil and gas wells distributed
across the entire basin were combined with existing lithological information.

Calculations reveal an average geothermal gradient of about 27.0°C/km implying that wells
producing fluids from depths > 2 km (6562 ft) will likely have temperatures of > 54°C (129°F). The
average heat-flow value of wells with corrected BHTs is 67.1 mW/m2. These results are generally
typical for gradient and heat-flow values in the Colorado Plateau.

Thermal outputs are calculated using well production rates and fluid temperatures. The average
thermal output is 110 kW per well and maximum output is as high as 12 MW-energy currently lost
to waste water.

Co-produced water temperatures in 673 wells are above 50°C (122°F) and may be suitable for
direct-use applications such as greenhouses, space heating, and aquaculture.

Binary geothermal power plants generally require a minimum temperature of 140°C (248°F) to
achieve acceptable efficiency and 26 wells across the basin meet or exceed such temperatures.

The high volume of co-produced water at wells with > 50°C (122°F) temperatures along with
the benefit of existing infrastructure make the Uinta Basin a candidate for the development
of direct-use geothermal applications with the potential to support binary geothermal power
production.
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